A new compound containing mono-and dinuclear Cu(II) complexes, [Cu 2 (phen) 22 cluster units has been observed in the structure of the title complex. In hydrogen bond interactions HCO 3 − anions act as donor and acceptor to link the water tapes to form an infinite 2D network parallel to (010). According to the magnetic analyses, the coupling interactions in the dinuclear complex cation is ferromagnetic (J = 34.5 cm −1 ).
Introduction
Special attention has been devoted to polynuclear assemblies of transition metal ions recently, which is directly related to the search for strategies to design new systems exhibiting desired physical and chemical properties [1 -3] . Among them, polynuclear copper(II) clusters are of special interest not only due to the central role they play in biological systems but also for their magneto-structural correlations [4 -9] . To build these molecular architectures, dinuclear motifs can be viewed as the basic building units to form multinuclear systems such as, e. g., with the hydroxo-bridged planar [Cu(µ y -OH) 2 Cu] core [5] . In the presence of bidentate chelating 1,10-phenanthroline (phen) ligands, the Cu atoms in the [Cu(µ y -OH) 2 Cu] core are able to accommodate a fifth ligand (X) to complete a squarepyramidal coordination, forming centrosymmetric dinuclear [Cu 2 (phen) 2 3 2− ) have also been explored by several other investigators [14 -17] . However, compounds with coexisting mono-and dinuclear copper(II) complexes have been rarely studied [18] . Water clusters, groups of lattice water molecules held together by hydrogen bonds, are believed to be a perfect model connecting isolated water molecules to bulk water. The structures of crystal hosts offer attractive environments for stabilizing various topologies of water clusters, which play important roles in the formation of different water morphologies [19 -23] . To obtain 1D water morphologies, it is important to construct host frameworks suitable for water molecules extending into chains or tapes. Chen et al. have pointed out that the planar molecular complexes [M 2 L 2 ] (L = 2,2 -bipyridine-like ligands) may serve as effective building blocks for the construction of various 2D supramolecular arrays for the stabilization of water morphologies [24] . However, the relationship between the host structure and the water clusters is somehow difficult to delineate. Moreover, it is difficult to find a general principle of the stabilization of water arrays. Therefore, gaining different water motifs in closely related host structures can provide a better understanding of the rel-ative importance of the various weak interactions that are responsible for their stabilization.
We present here a novel 1D water morphology for a (H 2 O) 22 
Results and Discussion

Syntheses
Previous work has shown that Cu(II) ions and 1,10-phenanthroline react with CO 3 2− ions to give [Cu(phen) 2 CO 3 ]·7H 2 O by hydrothermal synthetic procedures at room temperature [25 -30] . In the presence of succinic acid, self-assembly of Cu(II) ions, 1,10-phenanthroline and CO 3 2− ions in CH 3 [33] . Within the present complex molecule, the metal atom adopts a significantly distorted octahedral coordination geometry defined by four N atoms of two chelating phenanthroline ligands and two O atoms of one chelating carbonate anion with the Cu-N distances in the region 2.028 (3) 
a mean interplanar distance of 3.41 Å. Obviously, such interactions are responsible for the supramolecular assembly of the dinuclear cations into positively charged chains parallel to [100] . On the other hand, the complex molecules are aligned in the [100] direction so that each N5-containing phenanthroline ligand is sandwiched by two symmetry-related partners with the mean interplanar distances alternatively at 3.38 and 3.42 Å, suggesting again significant intermolecular π···π stacking interactions, due to which the complex molecules are assembled to generate columnar neutral chains with the N3-containing phenanthroline ligands being orientated outwards. Moreover, the phenanthroline ligands of the dinuclear complex cations are observed to be involved in π···π stacking interactions to the N3-donor ligands (the mean interplanar distance is 3.31 Å). Apparently, such π···π stacking interactions between the cationic and neutral chains are a driving force to form supramolecular layers parallel to (010), as demonstrated in Fig. 2 10 and T4(0)6(0), have also been observed in these crystalline hydrates.
In the title compound there are eleven crystal water molecules in the asymmetric unit (from O9 to O19) forming a (H 2 O) 22 cluster associated by O-H···O hydrogen bonds. The geometrical parameters pertaining to the water cluster are collected in Table 1 . Within the water cluster, the O···O distances are in the range of 2.744 -3.143 Å with an average distance of 2.834 Å, which is slightly longer than the value of 2.759 Å in ice I h at −90 • C [34] , but it is very close to that observed in liquid water (2.854 Å) [35] . As shown in Fig. 3 , not every O atom in the cluster shows four-coordination. The eleven water molecules form five-membered and seven-membered rings sharing one edge (O11, O14). The (H 2 O) 11 subunit has one dangling water molecule (O16) pointing away from the rings. Through O17···O19 hydrogen bonding, the (H 2 O) 11 subunit is connected with an equivalent related by a crystallographic inversion center forming a (H 2 O) 22 water cluster with one four-membered ring, two five-membered rings and two seven-membered rings. To the best of our knowledge, such a structure of a (H 2 O) 22 water cluster has not been reported so far. Adjacent (H 2 O) 22 cluster units are assembled by O12···O15 hydrogen bonds into extended water tapes along [100]. Between adjacent water tapes, HCO 3 − anions act as donors and acceptors to link the tapes to form an infinite 2D network parallel to (010). The water molecules and the HCO 3 − anions are located between the cationic supramolecular layers. The layers are pillared to produce an infinite supramolecular edifice (Fig. 4) . In this sense, the water layer is different from reported water clusters and other morphologies, which are situated in host cavities or channels generated by metal-organic coordination moieties.
Thermal analysis
Thermal analysis (Fig. 5) has shown that the title complex decomposes in several small steps. Between 60 -150 • C the TG curve witnesses a first weight 
Magnetic properties
The magnetic susceptibility of powdered samples of the title compound was measured as a function of temperature over 2 -300 K in a fixed magnetic field of 5000 Oe. The effective magnetic moment µ eff gt room temperature is 3.81 µ B , slightly larger than the value of 3.46 µ B for four quasi-isolated Cu(II) ions (S = 1/2). When the temperature is lowered from room temperature, the µ eff value first rises steadily to 4.3 µ B at 6.4 K, revealing an overall ferromagnetic coupling between the magnetic centers, and then decreases rapidly, which may be due to zero field splitting effects. According to the structural description as presented above, the magnetic susceptibilities of the title complex result from mutual contribution from the centrosymmetric dinuclear [Cu 2 (phen) 2 complex cation and the [Cu(phen) 2 (CO 3 )] complex molecule, and therefore, the analysis of the magnetic behavior can be modelled by the following equation (on assumption g di = g mono = g):
N, g and β are Avogadro's number, g factor and Bohr magneton, respectively, and k is Boltzman's constant. The best fit is obtained with g = 2.24, J = 34.5 cm
, suggesting a ferromagnetic interaction between the Cu ions in the [Cu 2 (phen) 2 (H 2 O) 2 (OH) 2 ] 2+ complex cations (Fig. 6 ). This J value of 34.5 cm −1 is very close to the value of 35.2 cm −1 calculated from the empirical formula 2J = −74.53θ + 7270 (θ = 96.6(1) • for the title complex) proposed by Hatfield et al. [36] .
Conclusion
In summary, we have presented the preparation and properties of a compound containing hydroxo-bridged dinuclear together with a mononuclear copper(II) complexes, with 1,10-phenanthroline as the common ligand. The magnetic studies revealed an intradimer ferromagnetic interaction (J = 34.5 cm −1 ). The crystal structure analysis shows the coexistence of hydroxobridged dinuclear [Cu 2 (phen) 2 22 water clusters which contain one four-membered ring, two five-membered rings and two seven-membered rings. This mode of a water structure has not been predicted theoretically, nor was it previously found experimentally. These new structural data will enhance the understanding of the structural aspects of water.
Experimental Section
Materials and physical methods
All chemicals of reagent grade were commercially available and used without further purification. Single-crystal Xray diffraction data were collected by a Rigaku R-Axis Rapid X-ray diffractometer. The powder X-ray diffraction measurement was carried out with a Bruker D8 Focus X-ray diffractometer to check the phase purity. The C, H, N, and S microanalysis was performed with a Perkin Elmer 2400II CHNO/S elemental analyzer. The FT-IR spectrum was recorded from KBr pellets in the range 4000 -400 cm −1 on a Shimadzu FTIR-8900 spectrometer. Thermogravimetric measurements were carried out from r. t. to 700 • C on preweighed samples in an N 2 stream using a Seiko Exstar 6300 TG/DTA apparatus with a heating rate of 10 • C min −1 . The temperaturedependent magnetic susceptibility was determined with a Quantum Design SQUID magnetometer (Quantum Design Model MPMS-7) in the temperature range 2 -300 K with an applied field of 5 kOe (1 kOe = 7.96 × 10 4 A m −1 ). 2 3 OH/H 2 O (1 : 1, v/v). The mixture was stirred for 30 min and then filtered. The blue filtrate was adjusted to pH = 10.0 with 1 mol L −1 Na 2 CO 3 to give a dark-blue solution, which was then allowed to stand at room temperature. After several days, dark-blue plate-like crystals were obtained (yield: 30 % based on the CuCl 2 · 2H 2 O input). The phase purity of the crystalline product was checked by comparing an experimental powder X-ray diffraction (PXRD) pattern with the one simulated on the basis of the single-crystal data (Fig. 7) 
Synthesis of [Cu 2 (phen)
X-Ray structure determination
A suitable single crystal was selected under a polarizing microscope and fixed with epoxy cement on a fine glass fiber, which was then mounted on a Rigaku R-Axis Rapid IP Xray diffractometer with graphite-monochromatized Mo K α radiation (λ = 0.71073 Å) for cell determination and subsequent data collection. The data were corrected for Lp and absorption effects. The SHELXS-97 and SHELXL-97 programs were used for structure solution and refinement, respectively [37 -39] . The structure was solved by using Direct Methods, and all non-hydrogen atoms were located in subsequent difference Fourier syntheses. After several cycles of refinement, all hydrogen atoms associated with carbon atoms were geometrically generated, and the rest of the hydrogen atoms were located from the successive difference Fourier syntheses. Finally, all non-hydrogen atoms were refined with anisotropic displacement parameters by fullmatrix least-squares techniques and hydrogen atoms with isotropic displacement parameters set to 1.2 or 1.5 times of the values for the associated heavier atoms. Detailed infor- mation about the crystal data and structure determination is summarized in Table 2 . Selected interatomic distances and bond angles are tabulated in Table 1 . CCDC 725662 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
